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PLASM.1 SU Fi;T A .L.. crs 
I. Benzi 'i e ~ethod 

,..,.,. e u nti tative deter1.i a t· o f co ad ltr •• C 

_o ,n- - of sulfate 'la; historica ..1. y been a p a ble ·o analyti c 

The determination is further comp ·cate if •t1e an y s ·s 

~s L ue performed on a complex s olution w eLe o nly as 

s availableo This is ~h e si uation one fac s w. en at pt i ..... g 

~o a, - ~yz the quantity of su f ~t e in 50-2 0 p . o loo 

A lite ture search was made in order to<eva a te t e ava i _~ -

rJ.:::>"'t od , and to attempt to fi - n analysis :hat wou.J.d wo .... k i , e 

· ers e conditions of blood p-as a. For a detaile li st f 

~nalys i _ methods, the reader is efered to Ko t off and Elv"ng 

. Analytical Chemis r y ~ 

e oldest methods for ·\.. e analysi s of s u .. fate invo ve 

fate s at. Original y t. is 

w·s carried out by wei h ing the pr c·pitate o Later 

eve opm'"' ts allow analysis by -·trimetric e t ods using comp e i g 

~~d; c to s for the detectio n of e xcess bari ~~ ·o s. Turbi i tr· 

ar: ED co plexometric metho s are also no ~ a,ai able o I 

a f 0 -v c o o r i , e tr ic i ndicators h ve ·been deve oped. Tnere are t o 

~ajo causes of error in these ethodso The =ir t e ror pro c i 

facto... · Le tight s o lubility of barium s ulfat. A seco d ca 

or i = t~.e other ::i o ns that a re absorbed y t e crystal. o r 

full s cal J analysis in relative y small interfering ion conce -

-~ :... 2, t ions , ese two fac t o rs ten to cance ach o .,, er out. B tj 

o~ mi c ro a.d ultramicro analys ·s of small sap es wit hi gh · ~ r 

O D 

i ri n :, io. concentration, 
1 
these two problems become of major i mr- _ . -



... 

- v stigations mad by the Wa .:.ng t o ad Lee B ' o lo y 

'•epa "" men t, 
1 

indicated thein2..b : :.. i .. y of b ar.:. i _ precipit a tio met o c 

1~ an lys is of small quantities of plasma , e v en if r adi o a ct ·ve 
,, 

~ct},_d s - are . µ sed for detect "on of t1e s mal a cunts of bari 

a result of their fi a ·ngs, i. e . d ifr:c 1i•es with 

::-:-. th d 7 it was decided to attemp t an adapt ion of a method o .. he ... 

t h at ar iuw precipitation metho s . 

e 

Other commonly used met ods to quanitatively ana ~y is or 

i nvo lve the use of lead i ,_,.ns a pre ci itating r eagento 

T~!•- a;.1a - y si s methods that have b e en evelope for lead sulfate 

a--- P :--imu la.1. to those used in c o n .. e ction wit barium. I a 

d ~Jero e tri c methods are availa b l e for bot e d point detect ·o . 

·.a c 0ncentration measurement. Since these e~hods involve the 

e rences found in the barium met o ds , it was felt in lig it 

o.- e fai ur e of the barium tee nique~ t hat an attempt to use 

i ea __ ~et o would prove fruit -ess. 1 herefor e Dur attent ·on w s 

t n e ~ to the other two types o ~ sulfate analys is. 

One of these types, th e conversion met 1ods, incl d e t e 

~lys is o f sulfate by convers· on to sulf er dioxide
3 

or hyd rog e. 

l,l 
-- 1£:i . foll owed by a gas ana l y ,... · procedu r .. • The e met ho s c 

t o o t sens itive and very a p p lic a ble s · 1 e the convers io. o 

SU t o a gas will remove t e sulfate fro 1 the i nterferenc s 

in the plas 1a. ut s · n ce it was esired t o avoid e 

, an d 1 g of gases if possible, t hese methods •er e not tried i t ' e 

~o~e · hat another method could be found. 

The other methods avai lable for su l ate ana ysis i vo v e 



._; 
V 

j 

rge org anic ion s a precipi t ing reag e .to U i 

I 
0 ..... 9 ,- ic i o s it is r:ossible to pr uce ore i s o b sa lt a nd se 

the 1.. - · cction methods . The most attr cti v detection et o ~ s 

rophotometry . E.Co Owe in 1936 sugge te he use o ✓.::-

nz · ~-· 12 s a precipitating reagen t o The reage t vmrke w 

u~ - f fered phosphatefuterfere ce. R . Be er and his co l eag 

.av~ suggested many other organic reagents that are more inso 1 e 

. n be .zidine including 4-chloro- 4' aminodiphenyl
5 

and octoamino 

---a., · r.o-µ-ni trodicobal t-I II ni t =-ate. 
6 

s. The 4-ch loro-4' a i no 

'i . e v, l (CAD) is con side ed t o be ooe of t he best reagents v a.i a, c 

tod-/ w This reagent can be titrated with Sodi m HJ roxidetDr 

me SU e. tur~i~dimetricallyo
7 

Th most attractive met .od found wa that of Lars An e~sen 

ft e U iversity of Helsingfor, Finlanct.
8 

Andersen sugg sts 

na lys · g f r sulfate by precipi tating it with benzi ine, w s i g 

ecipi tate throughly, redi ·o ving it i n aci - solut io. , an 

rc.e SU ing the · 1ultraviolet absorp · ion of the so .... utiono Ande_son 

p r ed result with an accuracy of 1-2 °'/o. · e also points o t 

t' at - s eported earlierphospha ~e interferes ith t e analys i~ 

Co · + his paper for a more de t ailed disc :..is i on o f the me ..... '10 d o 

It i t e aim of this p reject t o re-test the eliabili ty of t . e 

ne'thoc. and then attempt to apply it to smal a o nts ofplasma 

~~p ~e . This method was selec since •. dersen suggests an 

1~ a .icro technique which could possibj y e e ct the s mall 

l ou •i: of sulfate p resc-::- nt in 100 pl . plas ,a sa les ( the pro. o e 

2 ·t volume) . The methoa seems quite appro'Jriate since it .- v - ves 
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p:r2cip· ion oft e su_f te th a t wo uld re ove i fr o- t e i ter-

fou · in th~lasrna an make 1N detectior pos 1' e 

et . d wa to be teste o n the c r o level , and t en ·fit wo ' e 

o tLe ultra · cro level o i c e p'-- o s p 1ates and po sib y proteins 10 _c;: 

t r n removal by 

ur.: .. i..1r cet~te was U SE'd . This . . t hod was ugges e by ,~. ill 
. \ . 

e7o al . Lo use with plas ma sa~p es o iller's tests seem t o 

L c~i c te t .e me thod ·is goo d f o r .... emoving p· osp ate an .:-- o tei s b ·'" 

o · - u ~ te o In order to limit ~he dilution o f th e b ood 2/ m o 

of 24 o/ o uranium acetate was s c-'Ci f or eac 1 ml o o f p las. -

a~h2 · th n e 2 ml o of 8 g./ . urani mac tate thy ~ugges o 

s c ssion of this metho · consult the · r paper . 

3 

, i ~o · i .g : 

=® ©@® ® 6' 
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1) Bechman R Spectrophoto ete r i h .. v source; 

2· ~o 2ml . pipets and one 100 1 . pip t; 3) fo· r 25 ml. g _as 

erlenmeyer flasks; 4) o e (or more ) 1.5 c,. Bue e fu e~; 

5 1 Noo 42 (or slow) filt er pape~; 6) six 1 · te r glass stop e e 

stu - a oe bottles; 7 ) four 1 lite r volumetric f-as s; 8) W sh 

9) 4 ozo bottle with dro Jper; 10) · er storage bott l e; 

. ;d four 400 ml . beakers. 

heagents ol) 607 g. Benzid ine; 2) 20 ml o of 6N HCl= 3 ) Gl cial 

A_et ic Acid; 4) Ethanol; 5) Hyd r ochlori c Acid; 6) Distilled Water ; 

anium acetate o 

Preparation . 1) Benzid~ne .y roe loride . Dic so v 

· .~ ~ ~7 g . Be nzidine in the 20 ru . 6N HCl a n d:lute to 1· te o 

• . ... .,;: 0 r a lo 1 ing to stand over ni g . _, f .:. _ ter a.. store in labe 

_ li ,.._er storage bottle . After ...... engthy sto --ge mold \ril - gro · an 

the so ution should be discarde 

o4 ! ~o of g acial Ac etic Acid 

2) Oo2 ' cetic Acid o Dil te 

o 1 1·ter a.d store in abeled l 

li"er storage bottleo 3) 50 °/o Ethano lo To 125 il. o f Et .ano 

.~ i ~~5 ml. of distilled wat er a ,d store in t e 4 oz o bottl .. 

· l ute TTC • Prepare 4 1. by ding 1 l o o~ Hydrochlo ric P.c i d 

o • o f distilled water . 5 ) Ur nium Ace ate o Dissolve 2" 9 o i 

_ ·ter of distilled water . 

Sample Preparation . 1) 1 o a sa~ple o~ 1 to _o ml o con ­

c~i~i .g fro ol to l o5 mg o o f s fate in a 25 ml . E enmeye r flas~ , 

is 2 ·ct .__d 2 ml., of Oo2 N Ac etic A id .. After ·xing t is so """i 

·iefly 2 ml . of Benzidine hyd_r ochlc.ride rea gent is a ded ·"'l · n 



tion 1 · d to stan c ... east O min tes .. te ..... "" e 

p .cc ipi .... at ion has co, .... leted 1 :: •• 0 solution i - fi .. ter _ n-1er 

·c . hrough the Biichner fun n 1 . Te Er en eye r flas 

.c i · tate ed with f ml . of 50 
0 /o ethanol . T pr are was a en 

t 1e who e fun ne l is placed in 2L0 ml. of iva~ m d ; lljf'" .Cl pi e 

C ) . -t; -.,_ ne" in a 400 mlo beaker. ter the be .zi e SU fa t p 

_iri .. ., "":e a- dissolve )l the fun i J. and fil er p er are e eve 

an ~i~ d thoroug1ly with dist iiled w ter . is a cid sol tio 

~ ·t: ~,, -ransferred to a 1 liter volumetric .,:-1..:._s a d the a e 

i nse~ ..... oroughly with distilled wa er. T e inse water ad e 

· o the s o l ution. After the solu ·on has coo it ·s di ute~ t 

l ~it-:. a well mixed. The a ppa r atus descr"be a l ows p o 

co be prepared before ~asuring o t,e spectrophoto. ero 

I· is s ·gg te that 3 or 4 samp s be prepare at he time? since 

·cal-e app c i . ately lo5 hours t o prepare o e sa. ple and . ly 

N O o s t o prepare tog ther~ once t proced re i 

o g a . . zedo (T ... ese times exclude any s ;:nn e preparatio. 

:.e meas uring out sample vo lume). The well-mixed samples 

a ·e t· _ ::-1 run o n the DB at 2500 · using HCl Reference Solutia as a 

e~e- no .• T~ samples should be un twice eac a ong with th 

also should be run t wice) in a com1 letely rando 

S ,.ar.dard Preoara tion <> Sta, ards for r n,ing wit • t e sample 

I 

a, e : repa ~e by disso ving 515 03 mg o of Am onium Su fat e i n 

250 ru _o o_ distilled water and pre paring benzidin tandards b y 

tea in~ l , 2 a .d 3 ml o samples a s above. Tis will produc .5 

6 
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,.L • ~o .:;. 
4s LO mg . so;, an 1.5 so -:;. 

sta ~: _d \l ic. 0 1 , be 

t TO "' i stor a ge bot·les for s d uri g each easur me t. Th e 

}- 1 R ?: f rence solution is prepar e d by dilut· ng 200 m . of e 

ni_u.! HCl solution, · prepared ea lier to 1 ~ter. en e 

· il te "r:l uns out, a new standard ust be p epared. 

The p ecis io rep oc: c ab.li yo t en:et, 

~s t ~s ted y preparing stan r ~s as described abov and by us · 

, rying amoun ts of 0., 125 mg .. /mL so; stanrlar · . rep re by di s ~v i g 

s:s~~ mg ~ Amrooni m Sulfate in 1 li ter of di t ·_ l ed water • 

. i: >2 •. 1u1-: s ·of t·i i s measurement are ... e corded i n Ta le The res u ts 

Le st Squares Fit are s ,o• m in fi res nd I T 

Deviation as estimate y the Regressio analysis is 

.. 0 .f.1 7. herefore the absorbanc value at O g. could be O and the 

Eq1a~io red ces to comply with Beer's Lawo 

After findin g that the _e tho d c0m~1i-- o Beer 9 s L 1 . i~ 

··.c 1 ac < o f f i .... and random error are consi ed as residual rro , 

was n cessary to establis i f e fitti ng o_ the curve was a 

t f~ct or of the errore n order o es t e h ypothe .: 

>p .... .:.c tes were run of al 1 t' e o lut ions used ear 1 ·er. B)' f · · i 

cu:;...v2 to this data and perforni ng a regr ssio n analysis i • ·as 

f , id -- • at the lack of fit was no a signif .:. c a t ac .. or in t· e 

0 
combir.ed error at greater than 9 9 oS /o pro abi li .y see Ta 1 

to be a e uate fo e cri i ng he depe1d c 
a · d f'·g u es III and IV) . There rore th mo ~l is s ow.Jl}of t e 

The relative standard d v iation calc late ~ on this da a w~ 

2a) 
0
/o. This indicates that t e method as precision of abo t 
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-
0
/,, 12 0 2 °/o on first s ., ple ata) . 

an accur cy of 2 ° / • o S · n e e . e o ffe rs . o s s - nti~t i o.1 

I ssume -~ m a r pr duc abi i ty. ssu n · ng th· sis the 

ch hove exprimentation -ee s to co ifi~m .is . rl . 1.n'U 1.ng"" 

Ap t i on to Blo od P l s ma o After obt ini,g resul s ~i m· · 

to en ' , attempts were - ,e to au r b cod plas ma s ul~ t 

0: ·U-..is et Od o plasma s am l e was prep r ed us g 18 l o o f 

p =1s:.n a d 2 ml. of 2 4 g./1. u r aniu, ace ate to re eve t e prot 

"nd ,,h osp i a The solution wa s c en raf g e fo 10 min 

3 ,00 revoiut ions p er mi ut20 e supernat nt •as pipetted of 

_ci tered. 10 mlo of t hi s super atant was p:repa .... ed as d s c r,;_b d 

:; __ ri -c: - sample procedure o Sou_ c =s of the p l. a samp e be i eved 

t~: .s.."'. '" h sample contained appro · · .mately 

c :1cu .... "' t.: .s we re ade of the a p prepar 

IO-
3

M (18 .lo): X (30 ml .) 

X - 10-3 118 ) - 06 X i 0 - 3 M - \ 3 0 -

I -3 - ~ 3 .6 X IO 1 : 06 X O J mole/liter: 5706 X 10- gmo/. 

th re.:o e .0576 mg ./mlo and for a 10 m"' o s 1lple, 0576 mg. SO=-

T ab e 

C ·1 c u 

.:d no 

-,- . ' ; . 
L < • ..L 

II 

The measurements made o · the solutio are recorded n 

0 l 0 adsorpt ion was 0 s erved in t .e p asma sam ..... e . 

o n s could be d rawn fro th i resul ) The blood s mp le 

act al y conta in as much as 10- 3 
Sulfa eJ or 2 ) T e 

cetate procedure remove the sulfate , or 3 ) This analys· 

me~h d vil not or o n blood p_ a s -a. 

Spied Pla s ma A alysis g I n o er to is e that t e 

o-itained a detectable amount o .,. sulfate j 30 ~., of plasma r as 

d 

s 



20 •. of 3~ am,on u~ s fake ( p e pare y·:,:di so l vi 

00 • o..:- distilled 

o h "s 20 ml o of 2 4 g~o/. rani m acetate was a "e do 

T .e su u ior tas allowed 10 mi ~,tes to comp etely predip "tate a, 

c -n~rifuged for 10 minu~e- at 3,000 rpmo 1. es er ,a tant 

d filtere~ . n 1 0 10 ml. e e ta e a.. p e -

p.::~1 .:: , , as ,2 -- c ·o 1 u. de r Sa i.ple repara tio o _ac sample a d 

sta~d a _d as measured in dup-ic- - e o The res ul t are recored 

i.1 a · le V and the a 1alysis of ·::he data in f · g _e -·· V a1, V c 

~ ~ cc l cu a ion of 1.E~ sul - e r1 ed shows t -t e ch sample s ou 

olS ~g. of Su fate: 

or .288185 g./ 

( • 288 85 mg .,iµlo ) - .192123 ,~g o so:/ml. 
--J: 

3 r.i L ( 0192123 r·g o/mlo) ::. 0115274 mg o 
50 ~· 1 0 

O~/ lo 

1 i ca ·n figures V and V 

sampl s is equivalent to 0368 mg 

5 2 7 4 mg o O ~/ .. o : 1. 15 g o · 

t e average a sorbance oft e 

SO:::: whic 
4 

very uc· _ess 

L e add e, amount of sulfate. T _s e results wou di i cate a t 

".,e · ob em results f om the ura i m acetate treat .en-'- a , t e 

faiLU e of e a nalysis method s · . . ce ther2 was t least lo 15 mg o 

o s ·l ·- e in the s mple. As a f i na attempt t o salvage the me ., 

ple were prepared by spiking e plasma a rnples after t e 

u riu_ acetate eat ent totes the emote poss i bili y hat t 

u ~niu7 acetate was removing the s ulfate. Two 10 ml o samp es we 
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ain- y a c i ng 4 • • of 3 r "P o .i u ate o 10 mlo of t 

d s erna tan of 30 ml . o ... plasma re e ·it 20 mlo o 

grn G/1 . Uranium Acetate. The e sults of e dup icate ru ma e 

n e a.d the st ndards re g iveJ in Tab e V and he a aly is 

data in figures VII and V Io The a o~ a, ce is e ·valen 

:o .425 mg. of sulfate which :s fa below t e added ill OU • .,._. 15 

4 µl. {.2881858 mg o/ul. ) = 1 ~ C: r · ,.... :,. 
.,._ o .J my o 

4 

h e e ~~lt s,ois conclusive ly a the be .zi ine p:r cipi ta ·· on 

- e tbe benzidine more solub ~e. r ere see_ s to be some 

-ifference caused by the ··ranium ace ate tr eatment bu 

f :zt ' e - i vestigat ion of this wi 1 1 be neces s- ry before any 

c -C - sions ca be drawno 

Cone .1..us ·· on o he results of t 2 expe ime ta t ion are e f -

itory. y using random m a surement~ s b e en pos s i le 

data by -regression e thod and ob•'- ·n a _elat ive s a:::-d 

of about 2 °/oo This agrees we An er sen's o -

CL ions o The ·plasma tests rev al that t e oo snot ac u_a e 

o r me asurements of ulfate · p Lasma. 0 ly t e resu t 

o f a 1igher solubility of benzi , ine sulfat the comp lex pl s a 

·o:ut ion . The test could be i n er ror due to h e pr sence of 

u a .. iu ace ate in t he s olution but tli.e dat would indi c at t 

t .1 .. r n · um ace tate is precipit a t ing lit t e, i f any, sul te. 

c ine ·=- he benzidine does r, ot wo , on the· icro eve no att :mJ. t 

w-s de to test the ultr micro -;1ethod, · since .., h s -me in""er -eren e-

sl'.o u lcl be i .volved o A possib l ., etho d to - Y next w ou d be c se 
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t .r than e ,zi ine s t _ e c i · i a ~ · n9 age t si c i ts 

ulfa~e s lt ·s ' ch ; O e wil 

0 ·o be d ,-· s d . A p o ss.:bil i ty is t -e e _e c t ion of e cess 

Cf' J,· ' y UV Spectrophoto metry o ::: t . · ·s n1et o doe s L t , o 

w~uld s eL that the gas met h o as a e the on a c c 1 rate methods ~ at 
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